
30888 

0 2 MAY 2001 



Practitioner's Docket No. 584.12-US1 



PATENT 



TRANSMITTAL LETTER TO THE U.S. DESIGNATED OFFICE (DO/US)-- 
ENTRY INTO THE U.S. NATIONAL STAGE UNDER CHAPTER I 



PCT/EP00/08626 



04 September 2000 (4.09.00) 



10 September 1999 (10.09.99) 



International Application Number 



International Filing Date 



International Earliest Priority Date 



title OF INVENTION: SURFACE-MODIFIED MANGANESE SULFIDE, METHOD FOR PRODUCING 
THE SAME AND USE THEREOF 

APPLICANTS) FOR do/US: Chemetall GES.M.B.H. and Ronald Huner 



BoxPCT 

Assistant Commissioner for Patents 
Washington D.C. 20231 
ATTENTION: DO/US 



1 . Applicant herewith submits to the United States Designated Office (DO/US) the following items 
under 35 U.S.C. Section 371: 

This express request to immediately begin national examination procedures (35 U.S.C. Section 371(f)). 
The U.S. National Fee (U.S.C. Section 371(c)(1)), as indicated below: 



I hereby certify that this paper, along with any document referred to, is being deposited with the United States Postal Service on this 
date May 2, 2001, in an envelope as "Express Mail Post Office to Addressee," mailing Label Number EL826039204US, addressed to 
the: Assistant Commissioner for Patents, Washington, D.C 20231. 



CERTIFICATION UNDER 37 C.FJt SECTION 1.10* 



(Express Mail label number is mandatory.) 
(Express Mail certification is optional.) 




Erika E. Simpson 



(Transmittal Letter to the United States Designated Office (DO/US - Entry into National Stage under 35 U.S.C. Section 371- 
page 1 of 3) 



09/830888 



JCIBRse'dPCT/PTC 0 2 &SAY 2001 



2. Fees 



CLAIMS 
FEE* 


(1) FOR 


(2) NUMBER 
FILED 


(3) NUMBER 
EXTRA 


(4) RATE 


(5) CALCULA- 
TIONS 




TOTAL 
CLAIMS 


16 -20 = 


0 


x $18.00 = 


$0.00 




INDEPENDENT 
CLAIMS 


2 -3 = 


0 


x $80.00 = 


$0.00 




MULTIPLE DEPENDENT CLAIM(S) (if applicable) + $270 


$270.00 


BASIC FEE 


The international search fee, as set forth in Section 1.445(a)(2) to be paid 
to the US PTO acting as an international Searching Authority: 


$1,000.00 






has not been paid (37 CFR 1.492(a)(3)) 


$1,000.00 






Total of above Calculations 


= $1,270.00 


SMALL 
ENTITY 


Reduction by 1/2 for filing by small entity, if applicable. Affidavit must be filed 
(note 37 CFR 1.9, 1.27, 1.28). 


- $635.00 




Subtotal 


$635.00 




Total National Fee 


$635.00 




Fee for recording the enclosed assignment document $40.00 (37 CFR 1.21(h)). 
(See Item below). See attached "ASSIGNMENT COVER SHEET". 


$0.00 


TOTAL 


Total Fees enclosed 


$635.00 



A check in the amount of $635.00 to cover the above fees is enclosed. 



3. A copy of the International application as filed (35 U.S.C. Section 371(c)(2)) is transmitted 
herewith. 

4. A translation of the International application into the English language (35 U.S.C. Section 
371(c)(2)) is transmitted herewith. 



II. Other document(s) or information included: 

5. An international Search Report or Declaration under PCT Article 17(2)(a) is transmitted 
herewith. 



(Transmittal Letter to the United States Designated Office (DO/US - Entry into National Stage under 35 U.S.C. Section 371- 
page 2 of 3) 



6. Additional documents: 

International Publication No. WO 01/19929; Specification, claims and drawing 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 



The Commissioner is hereby authorized to charge the following additional fees that may be 
required by this paper and during the entire pendency of this application to Account No. 500341 . 



37 C.F.R. Section 1.492(a)(1), (2), (3), and (4) (filing fees) 

37 C.F.R. Section 1.492(b), (c), and (d) (presentation of extra claims) 

37 C.F.R. Section 1.17 (application processing fees) 

37 C.F.R. Section 1.17(a)(l)-(5) (extension fees pursuant to Section 1.136(a)) 

37 C.F.R. Section 1.492(e) and (f) (surcharge fees for filing the declaration and/or filing 
an English translation of an International Application later than 20 months after the 
priority date. 



(Transmittal Letter to the United States Designated Office (DO/US - Entry into National Stage under 35 U.S.C Section 371- 
page 3 of 3) 





Robert D. Fish 

Registration No. 33880 

Fish & Associates, LLP 

1440 N. Harbor Blvd., Suite 706 

Fullerton,CA 92835 

714-449-2337 

Customer No. 24392 



09/830888 

' JC18 Rec'd FC77P70 0 2 MAT 200/ 

i 

Surf ace -modified manganese sulfide, method for producino^jLh^s 
same and use thereof 



The invention relates to surface-modified manganese sulfide, 
5 a method for its preparation as well as the use of the 
surf ace -modified manganese sulfide as an auxiliary press 
material and as an additive in the sintering of molded 
articles . Furthermore the present invention relates to a 
sinter powder containing an amount of the surf ace -modified 
10 manganese sulfide, a method for the preparation of a molded 

article using the inventive sinter powder as well as a molded 
article obtainable by the method. 

The machined processing, especially by cutting, of sintered 
15 molded articles is often quite difficult due to tool wear and 
is alleviated by the addition of sulfides. Manganese sulfide 
(MnS) has proved to be an especially suitable additive for 
sintering, since its thermal stability allows it to 
participate in the sintering process without thermal 

2 0 degradation. For this, the manganese sulfide must be 

incorporated into the sinter powder in as finely dispersed a 
form as possible. In the U.S. patent 3,705,020, a manganese 
sulfide particle size of 10 to 100 /xm, preferably 30 to 40 /xm 
is cited and, according to the European patent application EP 
25 0 183 666, the particle size is 10 /xm or less. A small 
particle size enables homogeneous incorporation of the 
sulfide and the production of mechanically stable molded 
articles. In particular, the crack formation is reduced. 

3 0 However, the small particle size and the large surface of the 

manganese sulfide associated therewith promotes its reaction 
with, in particular, moist air to MnO, Mn0 2 and MnS0 4 and, 
with this, a clumping together to larger particles or 
agglomerates. This behavior causes not only storage problems; 
35 in the use of the manganese sulfide as a sinter additive, the 
clumping then leads to a structural weakening of the finished 
molded articles. Especially under mechanical and thermal 
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stress, the formation of cracks and the destruction of the 
molded articles follow. 

In the U.S. patent 5,768,678, the use of a special 
5 composition containing manganese sulfide as a sinter additive 
is proposed to avoid the oxidation of the manganese sulfide.. 
This composition is made of a mixture of 50-65 wt . % 
manganese, 30-38 wt . % sulfur and 5-25 wt . % iron and is added 
to the metal powder to be sintered in an amount 0.2-2.0 wt . % . 

10 According to this patent, the oxidation protection is 

afforded by the iron, which should be present in non-oxidized 
form. It is, however, a disadvantage of the sinter additive 
of U.S. 5,768,678 that it contains additional useless iron 
sulfide and, furthermore, a surface reaction can be merely 

15 reduced but not avoided. A further disadvantage of this 
sinter additive is its costly production. 

There therefore exists a need for a storable and easily 
obtainable manganese sulfide. It is therefore the goal of the 

2 0 present invention to provide such a manganese sulfide without 

the features known in the prior art . 

The inventors have surprisingly found that such a manganese 
sulfide can be obtained in that powdered manganese sulfide is 
25 provided, a coating agent selected from a wax, an ester of an 
inorganic or organic acid or a polymer with a low melting 
point or mixtures thereof is selected, is added in an amount 
of 0.01 to 10 wt.% relative to the weight of the manganese 
sulfide used, and the mixture is mixed over a period of time 

3 0 which is sufficient to ensure a homogeneous mixture. 

The studies of the inventors have indicated that the 
oxidation protection and the reduction of the moisture uptake 
by the otherwise hygroscopic material and the agglomeration 
3 5 resulting therefrom are surprisingly prevented by even small 
amounts of the coating agent. 
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According to the invention coating agent is used in the 
production of the coated manganese sulfide in an amount of 
0.01 wt.% to 10 wt.%, preferably 0.01 to 5 wt.%, especially 
preferred 1.0 to 3.0 wt.% relative to the weight of the 
5 manganese sulfide . 

Depending on the melting point of the coating agent, the 
coating is generally carried out at a temperature of 20 °C to 
150 °C. Depending on the coating agent used, one can however 
10 also operate at a temperature around the freezing point 
(0°C) . Preferably, one operates around room temperature, 
13 since then, the mixer does not have to be heated. The mixing 

rjj is normally performed for a period of time of 1 minute to 6 0 

[y minutes, preferably for 5 minutes to 2 0 minutes. 

2 15 

K Surprisingly, the manganese sulfide obtained in this way can 

CO be used directly, in other words it does not have to be 

: . submitted to further treatment steps such as drying for 

jry storage or for its use. 

J3 2 0 . 

Jij In addition to the use as a sinter additive for improving the 

|*& processability of molded sinter articles, it was determined 

within of the scope of the present invention that the 
inventive surf ace -modified manganese sulfide also proves to 

2 5 be a lubricating press auxiliary and it can therefore be 

generally used as an additive for improving compression 
characteristics. A further advantageous characteristic of the 
inventive manganese sulfide, which proves to be very 
favorable in connection with its storage and use, is that it 
30 is dustless . 

The coating of the manganese sulfide can be performed in any 
way known to one of ordinary skill in the art. The coating 
agent can be added to a conventional mixing apparatus such as 

3 5 a ploughshare mixer or a tumbler -mixer all at once or in 

intervals. It is for example also possible to spray the 
coating agent into the mixing container. According to the 
invention, any normal manganese sulfide can be used, 
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irrespective of its purity or particle size. If it is 
necessary, for example for the use as a sinter additive, the 
manganese sulfide is finely ground prior to coating, so that 
in general it has an average particle size, in other words a 
5 particle diameter, of 1 to 200 fxm, preferably of 1 to 10 /xm, 
and especially preferred of about 5 to 10 /xm. It is however 
also possible in this case to use larger particles, as long 
as these confer sufficient mechanical stability in later 
sintering of the molded articles. 

10 

™ 3 According the invention, compounds preferred as coating 

yg materials are either liquid at room temperature or have a 

relatively low melting point of under 150°C. In this way, and 
□ as indicated above, it is possible to operate without or only 

CO 15 with very weak heating of the mixer in the production of the 
J3J inventive manganese sulfide. 

JT; For the use of the inventive manganese sulfide as a sinter 

q additive, the inventive coating agent should furthermore have 

Uj 20 an evaporation temperature at normal pressure of under 500°C, 
;^ preferably in the range of about 200 to 300°C and should 

decompose or evaporate without residue during the heating of 
the sinter mixture, since in this way the formation of 
possible contaminations in the sintered molded article is 
25 reduced. 

Coating materials used according to the invention and 
possessing the previously cited physical characteristics are 
preferably low melting polymers, oils including paraffinic 
30 oils and silicon oils, waxes, a mono- or multi-functional 
aliphatic alcohol with 2 to 12 carbon atoms, organic and 
inorganic esters, in the latter case especially phosphoric 
acid esters . 

3 5 One example of what is to be understood by waxes in the sense 
of the invention are esters of higher straight -chained fatty 
acids such as palmitic acid, hexaicosanoic acid with higher 
straight -chained, monof unctional alcohols such as palmityl 
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alcohol, stearyl alcohol or octadec-9-en-l-ol . Another 
example of what is to be understood as waxes in the sense of 
the invention are materials which are mostly of natural 
origin, which contain the fatty acid esters named above 
5 partially or predominantly, and which transition without 

degradation to a melting liquid, low viscous condition above 
approximately 30°C to 40°C. An example of such waxes are 
Japan wax, lanolin or beeswax. 

10 Furthermore, synthetic polymers, with waxy characteristics 
such as the so-called polyolefin waxes also fall under the 
definition of waxes here. Examples of such synthetic polymers 
which find application in the present invention are low- 
molecular polyethylene glycols and polypropylene glycols. 

15 

One example of what is to be understood as oils in the 
present invention are aliphatic oils based on mineral oil 
such as the paraffinic oils. The aliphatic oils preferably 
have a chain length of 6 to 2 0 carbon atoms. The term oil 
20 also further encompasses synthetic oils such as the silicon 
oils such as known to one of ordinary skill in the art as a 
general term inter alia, for clear, colorless, hydrophobic 
liquids with congealing points of about -80 to -40 °C from 
linear polydimethylsiloxanes and polymethylphenylsiloxanes . 

25 

Compounds to be understood here as a low-melting polymer are 
those which consist of macromolecules and which have a 
melting point of under 150°C and an evaporation temperature 
of under about 50 0 °C at normal pressure. Preferred 
3 0 representatives of this class of compounds are polyesters, 
polyamides and polyaliphatic compounds. 

According to the invention, esters of inorganic or organic 
acids can also be used as the coating agent. Preferred 
3 5 inorganic acids are phosphoric acid and sulfuric acid however 
other acids can also be used according to the invention such 
as sulfur acids, carbonic acid, ... . Formic acid and lower 
carbonic acids with 2 to 6 carbon atoms such as for example 



acetic acid are preferably used as organic acids. Aliphatic 
as well as aromatic alcohols are used as ester alcohols. The 
aliphatic alcohols preferably have a chain length of 1 to 20 
C-atoms. Preferred aromatic alcohols are the phenols. These 
can have multiple hydroxyl groups or multiple aliphatic 
substituents with a chain length of preferably one to six C- 
atoms . 

According to the invention, an alcohol which is to be 
understood as a mono- or multi-functional aliphatic alcohol 
with 2 to 12 carbon atoms is one which, due to its 
evaporation and flammability characteristics, is suitable for 
use in the inventive method. 

Aromatic compounds such as biphenyl etc. are also suitable as 
further coating agents, as long as these compounds, as with 
the other coating agents usable according to the invention, 
are characterized by a low-soot and residue-free evaporation. 

A preferred class coating materials used according to the 
invention are (low-viscosity) esters of the phosphoric acids, 
in particular with longer chain aliphatic alcohols with chain 
lengths between 3 and 15 C-atoms, preferably 6 to 13 C-atoms 
as well as with phenols or other aromatic alcohols with side 
chains of 1 to 12 C-atoms, preferably 1 to 3 C-atoms such as 
cresol. These compounds are known to one skilled in the art 
as softeners. Examples of such compounds are tris- (2- 
ethylhexyl) -phosphate, tris (2-butoxyethyl) -phosphate, 
triphenylphosphate or diphenylcresylphosphate . 
Diphenylcresylphosphate is an especially suitable 
representative of this class of compounds, since it is 
nontoxic, liquid at room temperature and has low viscosity, 
it evaporates at approximately 230°C and burns soot-free. A 
further advantage of diphenylcresylphosphate is its relative 
temperature -independent viscosity. 

For the use as a sinter additive, the studies of the 
inventors have shown that a thusly surface-modified manganese 
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sulfide improves the machined processing, especially by 
cutting, of sintered molded articles if the manganese sulfide 
is incorporated into a sinter powder in the amount of 0,1 
wt.% to 1.0 wt.%, preferably from 0.2 to 0.6 wt . % , relative 
5 to the weight of the sinter powder. 

Accordingly, a further embodiment of the present invention is 
directed to a sinter powder characterized by an amount of the 
inventive manganese sulfide, 

10 

For use as an additive in sintering, the manganese sulfide is 
preferably treated with the inventive coating agents in the 
manner explained above prior to the addition to the selected 
metal powder. However it is also possible within the scope of 
15 the invention to first mix unmodified manganese sulfide with 
the metal powder to be sintered and finally to add the 
coating agent to the sinter mixture. 

A further embodiment of the present invention therefore also 

2 0 relates to a method for producing a molded article using the 

inventive sinter powder, wherein the method comprises the 
following steps: 

a) compression of the sinter powder in a sinter mold having 
an inner shape corresponding to the end contour of the 

25 finished molded article; 

b) heating the green compact to a temperature above the 
evaporation temperature of the coating agent used in the 
production of the manganese sulfide and, if necessary, 
maintaining the green compact at this temperature for a 

3 0 period of time sufficient to ensure complete evaporation 

of the coating agent; 

c) sintering the green compact from step b) ; 

d) removing the cooled molded product from the sinter mold. 
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A further embodiment therefore encompasses a molded article 
obtainable by the inventive production/sinter method 
elaborated above . 
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The present invention is to be described by way of one non- 
limiting example. 

Example 1; Preparation of surface-modified manganese sulfide 
5 20 g of liquid diphenylcresylphosphate were added to 2000 g 
of manganese sulfide with a particle diameter of 4.96 /xm 
(D5 0) in a Loedige-mixer . The batch was subsequently mixed at 
25°C for 20 minutes. 

10 Determination of the resistance to oxidation 

The manganese sulfide, which had been treated with 1% 
diphenylcresylphosphate, obtained in Example 1 was stored 
with uncoated manganese sulfide of the same particle 
diameter, that is according to EP 0 183 666 (Example 2) as 
O 15 well as with a manganese sulfide composition to U.S. 
Sj 5,768,678 (Example 3) in an atmosphere of 75% humidity at 

g| room temperature for 6 days. Subsequently the extent of 

f oxidation of the manganese sulfide on the surface to MnO, 

hi MnO, and MnSO, (according to the schematic reactions MnS + H 2 0 

3 2 0 => MnO; Mn0 2 ; MnS0 4 ) was determined for every sample by 
O ■ measurement of the weight increase (Table 1) . 

Table 1 Weight increase after 6 days 

Particle size D50 Weight increase 

Example Manganese Sulfide 

{fxm) (%) 

1 Inventive MnS 4.6 9 0.2 

2 Uncoated MnS 4.49 25.8 % 

3 MnS with 10% FeS 7.98 11.1 

25 



As can be seen in Table 1, the inventive coated manganese 
sulfide absorbs significantly less moisture than the uncoated 
material or the manganese sulfide composition of U.S. 
30 5,76 8,678. In standing with this, the inventive material is 
still a fine, free-flowing powder lacking agglomerates after 
10 weeks, while during this same time the uncoated manganese 
sulfide changed to a coarse-grained, dark product due to 
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absorption of moisture and the formation of manganese 
dioxide . 
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Claims 

1. Surface coated manganese sulfide, obtainable in that 
powdered manganese sulfide is provided, a coating agent, 

5 preferably selected from the group consisting of a wax, an 
ester of an inorganic or organic acid, an oil, a low-melting 
polymer, a mono- to multi-functional aliphatic alcohol with 2 
to 12 carbon atoms or mixtures thereof, is added in an amount 
of 0.01 to 10 wt . % relative to the weight of the manganese 
10 sulfide used, and the mixture is mixed for a period of time 
which is sufficient to ensure a homogeneous mixture. 

2. Manganese sulfide according to claim 1, characterized in 
that the powdered manganese sulfide has a particle size of 1 

15 to 200 /xm, preferably 1 to 10 (im, 

3. Manganese sulfide according to claim 1 or 2, characterized 
in that the low melting polymer has a melting point under 
150°C and is a polyester, polyamide or a polyaliphatic 

2 0 compound . 

4. Manganese sulfide according to claim 1 and 2, 
characterized in that the ester of the inorganic acid is a 
phosphoric acid ester, 

25 

5. Manganese sulfide according to claim 4, characterized in 
that the phosphoric acid ester is diphenylcresylphosphate or 
triphenylphosphate . 

3 0 6. Manganese sulfide according to claim 1 or 2 , characterized 

in that the oil is a paraffinic oil or silicon oil. 

7. Method for producing surface-modified manganese sulfide 
(MnS) , characterized in that powdered manganese sulfide is 
3 5 provided, a coating agent, selected from the group consisting 
of a wax, an ester of an inorganic or an organic acid, an 
oil, a low melting polymer, a mono- to multi-functional 
aliphatic alcohol with 2 to 12 carbon atoms or mixtures 
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thereof, is added in an amount of 0.01 to 10 wt . % relative to 
the weight of the manganese sulfide used, and the mixture is 
mixed for a period of time which is sufficient to ensure a 
homogeneous mixture . 

5 

8. Method according to claim 7, characterized in that the 
manganese sulfide has a particle size from 1 to 200 ^m, 
probably from 1 to 10 /im. 

10 9. Method according to claim 7 or 8 , characterized in that 

the coating agent is added in an amount of 0.01 to 5.0 wt.%, 
especially preferably from 1.0 to 3.0 wt.%, relative to the 
weight of the manganese sulfide used. 

15 10. Method according to any of the claims 7 to 9, 

characterized in that the ester of the inorganic acid is a 
phosphoric acid ester. 

11. Method according to claim 10, characterized in that the 

2 0 ester of the phosphoric acid is diphenylcresylphosphate or 

triphenylphosphate . 

12. Use of the manganese sulfide according to any of the 
claims 1 to 6 as an additive for improving the compression 

25 characteristics of powder mixtures. 

13. Use of the manganese sulfide according to any of claims 1 
to 6 as an additive to sinter powders for improving the 
processability of the molded sintered article. 

30 

14. Sinter powder, characterized by a content of manganese 
sulfide according to one of the claims 1-6. 

15. Method for producing a molded article using the sinter 

3 5 powder according to claim 14, comprising the following steps: 

a) compression of the sinter powder in a sinter mold 
that has an inner shape corresponding to the final 
contour of the finished molded article; 
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b) heating the green compact to a temperature above 
the evaporation temperature of the coating agent 
used for production of the manganese sulfide and, 
if necessary, maintaining the green compact at this 

5 temperature for a period of time sufficient to 

ensure complete evaporation of the coating agent; 

c) sintering the green compact of step b) ; 

d) removing the cooled molded article from the sinter 
mold. 

10 

16. Molded article, obtainable by the method according to 
O claim 15 . 

f a | 
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